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Abstract 



PROBLEM TO BE SOLVED: To enhance the separability, reproducibility and reliability while suppressing 
the adsorption of a sample easily adsorbed on a capillary by adding polyvinylamine to a medium for capillary 
electrophoresis. 

SOLUTION: A medium for capillary electrophoresis contains polyvinylamine. Polyvinylamine is a polymer 
containing a polymerization unit (polymerization unit A) represented by formula I obtained by polymerizing 
vinylamine and may be a polymer also having a polymerization unit (polymerization unit B) represented by 
formula II. Concretely, a polymer obtained by partially or wholly hydrolyzing poly(N-vinylalkylamide) is 
designated. In the formula II, R is an alkyl group such as a methyl group, an ethyl group, an isopropyl group 
or a t-buty I group. The number of the polymerization units A in polyvinylamine is pref. 1 0-1 0000 and the 
number of the polymerization unit B is pref. 0-10000. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The medium for capillary-tube electrophoresis characterized by including a polyvinyl amine. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the medium for capillary-tube electrophoresis used as 
the sealing liquid in a capillary tube at the time of performing separation and analysis of an optical isomer, a blood serum, 
protein, amino acid, sugar, a nucleic acid, etc. in a capillary-tube electrophoresis method, and manufacture liquid of a sample. 
[0002] 

[Description of the Prior Art] A capillary-tube electrophoresis method is compared with the slab electrophoresis method widely 
used from the former in order to perform electrophoresis in the micro fields in a fused-silica rally with a diameter of 

200 micrometers or less etc., and occurrence of the Joule's heat, a diffusion, and the convection current is very the parvus. 
Therefore, a high resolution is separable for a short time, and with several 100 or less nls, since the sample needed further is also 
very little, it attracts attention as new separation / analysis techniques, such as an optical isomer, a blood serum, protein, amino 
acid, sugar, and a nucleic acid. 

[0003] In order to separate these measuring object objects exactly, moreover, inside a capillary tube A methyl cellulose 
(M.Strege and A.Lagu, Anal.Chem, 63, 1233 (1991)), The hydroxypropyl methylcellulose (H.E.Schwartz et al, J.Chromatogr., 
and 559,267 (199 1)), The butler solution which added water soluble polymers, surfactants, etc., such as agarose (P.Bocek and 
A.Chrambach, Electrophoresis, 12, 1059 (1991)), is used, Using the capillary tube (A.S.Cohen et al., Proc.Natl.Acad.Sci.USA, 
85, 9660 (1988)) filled up with hydro gels, such as a polyacrylamide, is performed widely. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in a separation and analysis of protein, since the material of a capillary 
tube is a silica, a sample tends to stick to the wall of a capillary tube, and there is a trouble where a separability and repeatability 
are bad inferior to a reliability. Then, the technique which coats the wall of a capillary tube with a 

silane-coupling-polyacrylamide and suppresses proteinic adsorption is proposed. However, by this technique, the problem that it 

is difficult to obtain sufficiently uniform coating is for coating operation to acquire a complicated and sharp peak. 

[0005] Therefore, the purpose of this invention suppresses the adsorption of a sample which is easy to stick to a capillary tube, 

and is to offer the medium for capillary-tube electrophoresis for raising a separability, repeatability, and a reliability. 

[0006] 

[Means for Solving the Problem] According to this invention, the medium for capillary-tube electrophoresis characterized by 

including a polyvinyl amine is offered. 

[0007] 

[Embodiments of the Invention] The medium for capillary-tube electrophoresis of this invention contains a polyvinyl amine. A 
vinyl amine may be a polymer containing the polymerization unit (it abbreviates to polymerization unit A below) expressed with 
the following general formula (1) which carried out the polymerization, and the polyvinyl amine said by this invention may be a 
polymer which also has the polymerization unit (it abbreviates to polymerization unit B below) expressed with the following 
general formula (2). The polymer which specifically understands the part or all of poly (N-vinyl alkylarrdde) an added water part, 
and is obtained can be mentioned. 
[0008] 
[Formula 1] 

L NH, J 

-(2) 




[0009] R expresses alkyl groups, such as a methyl group, an ethyl group, an isopropyl machine, or t-butyl. As for the number of 
polymerization unit A in a polyvinyl amine, 10-10000 are desirable, and, as for the number of polymerization unit B, 0-10000 
are desirable. 

[0010] the number of number:polymerization unit A of polymerization unit B in the case of having polymerization unit B — 
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1:0.0001 to 1:10,000 - desirable - 1:0.1-1:100 - it is 1:1-1:100 still preferably 

[001 1] the molecular weight of the aforementioned polyvinyl amine - 500-1,000,000 - desirable - 1,000-500,000 - 
1 0000- 1 00000 are especially preferably desirable 

[0012] for example, a polyvinyl amine can carry out the polymerization of the N- vinyl alkylamide, such as N-vinyl acetyl amide 
and N-vinyl isopropyl amide, by technique, such as a radical polymerization, ionic polymerization, photopolymerization, and 
radiation polymerization, first, can obtain poly (N-vinyl alkylamide), and can obtain it easily by understanding these an added 
water part further etc. 

[0013] The aforementioned radical polymerization Alcohols, such as water or a methanol, and ethanol, In organic solvents, such 
as chloroform, a methylene chloride, a tetrahydrofuran, 1, 4-dioxane, N.N-dimethylformamide, dimethyl sulfoxide, and an 
acetonitrile, or the mixed solvent of water and these organic solvents Under a deaeration condition or the inert gas ambient 
atmosphere, such as nitrogen, an argon, and a carbon dioxide, under presence of a radical polymerization initiator, preferably, it 
is 0-120 degrees C, and -50-200 degrees C can be performed by making it react for 1 to 24 hours for for 10 minutes to 200 
hours. 

[0014] As a radical polymerization initiator, it is desirable that half-life temperature uses an azo system compound and/or 
organic peroxide 160 degrees C or less for 10 hours. As an azo system compound, specifically A 2-cyano-2-propyl azo 
formamide, - azobis (cyclohexane-l-carbonitrile), and 1 and 1 7, 2-azobis (2-amidino propane) 2 hydrochloride, A - azobis 
(2-methyl butyronitrile), and 2 and 2 7, 2'-azobisisobutyronitril, - azobis (2,4-dimethylvaleronitiile), and 2 and 2 '2, 2'-azobis 
(4-methoxy-2,4-dimethylvaleroiutrile), A - azobis (4-cyano valeric acid), and 4 and 4 7, 2 , -azobisiso butyric-acid dimethyl, 2 
and 2*-azobis (2-(5-methyl-2-imidazoline-2-****) propane) 2 hydrochloride, 2 and 2-azobis (2-(2-imidazoline-2-****) propane) 
2 hydrochloride, 2 and 2-azobis (2-(2-imidazoline-2-****) propane), 2 and 2'-azobis (2-methyl-N-(l and 1-screw 
(hydroxymethyl) ethyl) propione amide), 2 and 2'-azobis (2-methyl-N-(2-hydroxyethyl) propione amide), - azobis 
(2-(hydroxymethyl) propionitrile), and 2 and 2-azobis butyryl amide dihydrate, 2, and 2 7, 2-azobis (2, 4, and 4-trimethyl 
pentane) etc. is mentioned. As organic peroxide, a benzoyl peroxide, row yloxy dicarbonate, tertiarybutyl 

peroxy-2-ethylhexanoate, the tertiarybutyl peroxy pivalate, tertiarybutyl peroxy ****** butyrate, a lauroyl peroxide, 
t-butylperoxy acetate, tertiary peroxy octoate, tertiarybutyl peroxy benzoate, etc. can be mentioned. These can also be used as 
mixture. Below 10 weight section of the amount of the aforementioned radical polymerization initiator used is desirable to the 
polymerization nature monomer 100 weight section of a raw material, and below its 5 weight section is especially desirable. 
[0015] The aforementioned hydrolysis of poly (N-vinyl alkylamide) As a catalyst, acid-catalyst; ammonia, such as a hydrochloric 
acid, a sulfuric acid, a tosyl acid, and a cation exchange resin, A triethylamine, a sodium hydroxide, a sodium carbonate, a 
sodium hydrogencarbonate, Base catalysts, such as an anion exchange resin, etc. are used. A water, methanol, ethanol, In organic 
solvents, such as alcohols; acetonitriles [, such as propanol and a butanol, ], tetrahydrofuran, 1, and 4-dioxane, or these mixed 
solvents It is 20-100 degrees C preferably, and 0-120 degrees C can be performed for for 1 minute to 200 hours by making it 
react preferably for for 10 minutes to 24 hours. Moreover, a hydrazine may be used for a catalyst and 50-100 degrees C may be 
agitated for 1 to 48 hours. Moreover, it can carry out also by making 3(C2H5) 0+BF4- act on poly (N-vinyl alkylamide) at 0-60 
degrees C among organic solvents, such as chloroform, a methylene chloride, and benzene, for 30 minutes - for 6 hours, and 
making weak bases, such as a sodium hydrogencarbonate, act further. 

[0016] Although the content of the polyvinyl amine in the medium for capillary-tube electrophoresis of this invention is 
especially various and is limited by neither the molecular weight nor the adding-water cracking severity, generally it is desirable 
that 0.0001-lOmg /is [ ml ] 0.001-0.1mg/ml preferably. A desired eiectroendosmose style can be obtained by changing an 
addition within the limits of this. 

[0017] As components other than the polyvinyl amine contained in the medium for capillary-tube electrophoresis of this 
invention, unless the effect of this invention is spoiled, it can be used without a limit of the various buffer solutions which can be 
applied to the medium for capillary-tube electrophoresis, general - pH 1-12 - pH buffer solutions, such as the phosphate buffer 
solution of 3-10, the boric-acid buffer solution, the citric-acid buffer solution, the acetic-acid buffer solution, the carbonic acid 
buffer solution, and a tris buffers, can be used collectively preferably Moreover, you may contain synthetic macromolecules, 
such as polysaccharide, such as a dextran, a hyaluronic acid, and a hydroxymethyl cellulose, polyvinyl alcohol, a polyethylene 
glycol, and a polyvinyl pyrrolidone. 

[0018] It can be used that there is no limit of what is marketed the object for capillary-tube electrophoresis or for gas 
chromatographies as a capillary tube filled up with the medium for capillary-tube electrophoresis of this invention. As a 
dimension of the aforementioned capillary tube, a bore can use 50-100 micrometers and a length can usually use preferably 
1-200 micrometers of 10cm- lm things 1cm- 10m. When sufficient separation cannot be performed when a length is less than 
lcm, and exceeding 10m, since a long time is needed for a separation, it is not desirable. 

[0019] As operation of the medium for capillary-tube electrophoresis of this invention, after filling the inside of a capillary tube, 
an electrode tub, and a sample tub with this medium, the operation and the conditions known from the former can perform 
electrophoresis. 

[0020] As for the voltage in the case of the aforementioned electrophoresis, it is preferably desirable that it is 5-20kV l-30kV. 
As the injection technique of a sample, it can carry out by the technique learned from the former, such as a gravity method and 
the migrating method, although it is not necessary to manage especially the temperature in the case of electrophoresis, in order 
moreover, ] to obtain higher repeatability — constant temperature - maintaining conditions — desirable — further - while 
migrating for the enhancement in a separability, and compaction of the measuring time - a temperature up - or you may lower 
the temperature 
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[002 1] Although it is the matter of water solubility or water dispersibility and it is not especially limited as matter which can 
migrate using the medium for capillary-tube electrophoresis of this invention, as matter with which the outstanding effect is 
demonstrated, the high compound of pKa or the protein with high pi value is listed to the bottom of an aquosity environment 
especially. By the proior art, since the capillary-tube wall was charged in negative, it was easy to adsorb, and as for these [ pKa ] 
or the high matter of pi, the repeatability and the reliability in a measurement result had fallen. 
[0022] 

[Effect of the Invention] Since the medium for capillary-tube electrophoresis of this invention contains a polyvinyl amine, that it 
is easy to stick to a capillary tube, conventionally, also about the difficult sample, me separation by capillary-tube electrophoresis 
suppresses the adsorption to a capillary-tube wall, and gives the outstanding repeatability. Moreover, the outstanding separability 
can also be given when a polyvinyl amine discovers various interactions, such as a specimen, an electric interaction, a 
hydrophobic interaction, hydrogen bond, or the molecular sieve effect. Therefore, reliable electrophoresis can be performed. 
[0023] 

[Example] Although an example explains still in detail below, this invention is not limited to these. 
[0024] 

[The synthetic example 1-1 to 1-4] N-vinyl acetyl amide (it abbreviates to NVA below) 5g (58.8mmol) is melted in 45ml of 
distilled water, and after adding and carrying out the deaeration sealed tube of VA-044 (tradename, product [ made from Wako 
Pure Medicine Industry ], 2, and 2-azobis (2-(2-imidazoline-2-****) propane)) of the amount shown in Table 1 to this, the 
polymerization was carried out at 60 degrees C for 24 hours. It reprecipitated after a reaction end and in the methanol, and Pori 
NVA was obtained. Molecular weight was calculated using GPC (expansion solvent;THF, correlation sample; 
polymethylmethacrylate). A result is shown in Table L 
[0025] 
[Table 1] 





NVA/YA-044(*/Mfc) 




1-1 


50 


11,800 


1-2 


200 


47,200 


1-3 


800 


83,300 


1-4 


1000 


100,000 



[0026] 

[The synthetic example 2-1 to 2-4] Poly-NVA(molecular weight 100,000)3g obtained in the synthetic example 1-4 was melted m 
100ml of the 2N-HC1 aqueous solutions, and hydrolysis processing was performed under heating reflux. 20ml was sampled for 
every predetermined time shown in Table 2, after the ultrafiltration, it freeze-dried and the powdered sample was obtained. It ^ 
asked for the adding-water cracking severity of the obtained sample from 1H-NMR. A result is shown in Table 2. 
[0027] 
[Table 2] 

i - 4 -em bfrfz * n v a© 









1-4 


0 


0.0 


2-1 


2 


20.8 


2-2 


5 


45. 5 


2-3 


10 


66.0 


2-4 


40 


ioo.o- 



[The synthetic example 3-1 to 3-3] Poly-NVAlg obtained in the synthetic example 1-1 to 1-3 was melted in 30ml of the 2N-HC1 
aqueous solutions, respectively, and it flowed back for 40 hours. After the ultrafiltration, it freeze-dried and the powdered 
polyvinyl amine was obtained. 
[0029] 

[Example 1] The polyvinyl amine (molecular weight 50,100 [ about ]) obtained in the synthetic example 2-4 was melted in the 
acetic-acid buffer solution (pH3.7) of 20mMs so that it might be set to ml in O.Olmg /, and it considered as the medium for 
capillary-tube electrophoresis. Capillary-tube electrophoresis was performed on condition that the following using this medium. 
The obtained result is shown in drawing 1 . In addition, sample injection was performed for 3 seconds by 25mV. 
[0030] An analyte sample; RNase, a myoglobin, cytochrome C, mixture migration conditions of a lysozyme; 
product made from equipment; Day Duty Light CE-900 capillary-tube bore;100micrometer capillary-tube 
outer-diameter,375micrometer capillary-tube length; - effective 65cm - capillary-tube length;50cm applied-voltage;26kV 
(400v/(cm)) 

Temperature;30**0.5 degree-C detector,UV (200nm) 
[0031] 

[The example 1 of a comparison] Capillary-tube electrophoresis was performed on the same conditions as an example 1 only 
using the acetic-acid buffer solution (pH3.7) of 20mMs. The obtained result is written together to drawing 1 . 
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[0032] 

[The example 2 of a comparison] Capillary-tube electrophoresis was performed like the example 1 using Pori NVA obtained in 
the synthetic example 1-4. The obtained result is written together to drawing 1 . 

[0033] From the above result ( drawing 1 ), only with the buffer solution of 1 . former, an analyte (protein) sticks to a 
capillary-tube wall, and the peak was not detected. (Example 1 of a comparison) . 

2. The separation of an analyte was inadequate although adsorption of an analyte was suppressed when poly-NVA was used. 
3 . On the other hand, by the system which added the polyvinyl amine of this invention, while adsorption of an analyte was 
suppressed, the high separability was also obtained. Things are clear. 
[0034] 

[The example 1 of reference] poly-[ which was obtained by the synthetic example 1-4 and 2-1 to 2-4 ] - NVA or the polyvinyl 
amine was melted in the acetic-acid buffer solution (20mM, pH 3.7), respectively, so that it might be set to ml in O.lmg /, the 
phenol solution was used for the measurement marker 1%, and the electroendosmose style was measured A result is shown in 
drawing 2 . In addition, sample injection was performed for 3 seconds by lOkV. it is shown in drawing 2 - as - poly— it is clear 
that a desired electroendosmose style is obtained by changing the adding-water cracking severity of NVA 
[0035] . 
[The example 2 of reference] Using what was melted by the various concentration which shows the polyvinyl amine obtained by 
the synthetic example 3-1 to 3-3, and 2-4 to the acetic-acid buffer solution (20mM, pH 3.7) all over drawing, the phenol solution 
was used for the measurement marker 1%, and the electroendosmose style was measured A result is shown in drawing 3 . It is 
clear that a desired electroendosmose style is obtained by changing the concentration and molecular weight of Pori NVA as 
shown in drawing 3 . 

[0036] , . 

[The example 3 of reference] The electroendosmose style was measured about what was melted by the various concentration 
which shows the polyvinyl amine obtained in the synthetic example 2-3 to the buffer solution of pH 3.7 and pH 8.6 all over 
drawing. A result is shown in drawing 4 . The electroendosmose style was able to decrease and was able to reverse the 
electroendosmose style in [ large ] pH 3.7-8.6 as concentration increased. It is clear that a desired electroendosmose style is 
obtained from the result of drawing 4 by changing concentration. 

[0037] The result of the examples 1-3 of reference shows that it can consider as the value of a request of an electroendosmose 
style, when the medium for capillary-tube electrophoresis of this invention is used. 



[Translation done.] 
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